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(54) ANTENNA DEVICE AND METHOD FOR MANUFACTURING THE SAME 




(57) Relating to an antenna device used in wireless 
unit for mobile communication or the like, it is an object 
to present an antenna device hardly causing uneven 
or deformation of antenna elements, high in gain 
reliability, excellent in productivity, and having two 
more impedance characteristics, and a method of 
manufacturing the same. Both ends of plural bands (1 6) 
are alternately connected consecutively, both ends of 
plural bands (18) are alternately connected consecu- 
V.' • lively in a first antenna element (1 1 ) made of a thin metal 
plate of nearly circular spiral form projecting alternately 
in the longitudinal direction, a second antenna element 
(12) made of a thin metal plate formed by projecting in 
a nearly semicircular tubular form in the front direction 
y| ; f s , disposed at a nearly concentrical position, a mounting 
* ^bracket (1 3) is connected to one end of the first antenna 
element (11 ), and the outer circumference of the mem- 

covered with a cover (1 5) made of an insulating 

^ resin, thereby composing an antenna device. 
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Background Art 

further mountinri nr> th Q u ,: rA | A ^ . ... y ° UM wnicn tne HAt i and HAE 4 are wound anri 

•vMtMv^f t!f\>uitufiy ufi ins wirefGss unit snd wumu i a| iu 

e) an insulating cover 5 for covering the outer circumference of the HAE 1 , HAE 4, and core 3. 

the HAE 1 is wound around t^»?vifch^to^^L o? ^ end ° f the Core 3 ' The windi "9 1 A °f 

is electrically connected I to tZ McL ^i^HT^ jUnCti ° n 1 B at the ,ower end of the HAE 1 
HAE 1 are same as the ^S^i'SSS^^.n^ ^Th" - W,ndin9 PitCh ° f th6 
HAE 1 , the HAE 4 is wound As a result the HAE and Sic T d ' ng P ' tCh ° f 1,16 windin 9 1 A of the 

insulated from the mounting br^efl A 'n »acolr5tetr^r, a,,y inSU,ated Th6 HAE 4 iS parasitic - and is 
circumference of the core I on ^SZSfS^V^ M9 « inSU ' atin9 r6Sin °" the outer 

sSbj^srsss ^"s^^^ssr r? 9 radio waves - an e,ecMc — * *■ 

current, the wireless unit having the antenna 6 canVenS SSST? '"^'^ aCti ° n ' Makins use of tha ifldu <* d 
[0008] The configuration o f tne HA^ M and oalftfc hap / 6 rad !° l Waves in at ,eas < two frequency bands, 
other and to maintain the deiire amfnna SSJ^TliSSi^, "T" 0 " S ° 88 001 * C ° ntact wtth each 
40 uneven In pitch or may be deformed ZtJE?^ ^entional antenna 6. however, the winding may be 
with the insulating resin 5. Therefore 7nZ SliT ° r C ° Pper a "° y wire on the ~~ 3 covering 
impedance characteristic ooE£ dl g to a SSSEu^S'i!??! t'™ 9 T"* 1 ' S hard to obtai " an 

device, fluctuations were large ^M ^n^^T f J*' the " in ° f the conven «°™' antenna 
essarytosortoutTherewasalan^ was nec- 

Summary of the Invention 

" ^^z^^^j^^z^ *r 0,n<te s ° - *>» -* - 



2 




EP 1 122 811 A1 

projected, 

c) a core made of an insulating resin for disposing the FAE and SAE nearly at concentrical positions, 

d) a mounting bracket connected to one end of the FAE, and 

e) a cover made of an insulating resin for covering the outer circumference of each member, by exposing a part 
of the mounting bracket. 



[001 1 J The FAE and SAE are formed by pressing a conductive thin metal plate punched in a specified shape into a I 
- desired shape. In order that the FAE and SAE may be mutually insulated, each inner side is fixed to the core. One end 
of the FAE is electrically connected to the mounting bracket. The mounting bracket has a threaded portion for mounting 
10 on a wireless unit for mobile communication such as cellular phone. The threaded portion is exposed. 

[0012] Thus is presented an antenna device hardly causing uneven pitch or deformation of the antenna elements 
* /, during manufacture, and having two or more impedance characteristics. It is high in reliability because uneven pitch 
. or deformation hardly occurs. 

[0013] Moreover, the antenna device having such structure can be produced easily, and the product yield is high. 
15 [0014] The invention also provides a method of manufacturing antenna device which comprises: 






a) a step of forming a first element plate by a step of punching a conductive thin metal plate of a specified dimension; • 
v * ■■ .. r and a step of pressing a part of the punched thin metal plate, • - 4 \ "r-'V;^^ 

\£' !"'•' • b) a step of forming a second element plate by a step of punching a conductive thin metal ptate of a nearly same ' • t; ' ; 1^^|4?|:?^? 
*2&**U < dimension as the first element plate, and a step of pressing a part of the punched thin metal plate, •; : y ' : 

c) a step of stacking up the outer circumferential parts, of the first element plate and second element plate in the" ^^t?*^-^ F 3 ***^ 
thickness direction, 

■febfV r-'^ft^' "p d) a step of primary insert molding of a resin dielectric element for forming a core having a plurality of resin support 
parts by fixing the pressed portion of the stacked first element plate and the pressed portion of the second element 
plate, 

e) a step of separating the core from the outer circumference by cutting off the flat outencircumferential parts of y 
the pressed portion of the first element plate and the pressed portion of the second element plate near the core, and 

f) a step of secondary insert molding of a resin dielectric element for forming a cover for covering 1 
cumference by holding the resin support parts. 

klvHli-Ai;- ,[0015] Inthestepof forming the first element plate of the invention, ^-'--A^^Hfiul^ 

; :.. a conductive thin metal plate of a specified dimension is blanked, and nearly parallel plural rectangular holes of }^{^^? , ^*- ? ^**?^*- 

same length are provided so that both ends may be convex and concave alternately, thereby forming plural linear 
^portions, : "i ' . Bi- 

convex and concave portion of the plural rectangular holes is separated from the outer circumferential 
. ; m , - linked state, 

^? j - " ' ^ * band is formed b y pressing at least a part of the linear portion of the plural linear \ 
*3&-ir. - ■- i K - the band is formed so as to be coupled to the outer circumference at the other side 
40 a mounting bracket is connected and fixed to one end of the band, thereby forming 

= i : [9 016 1 In the step of forming the second element plate of the invention, 

a conductive thin metal plate is blanked, and nearly parallel plural hook holes of same length are provided alter--. 
45 ; nately in reverse directions, so that plural linear portions are linked in a thin linkage alternately right and leftf K ^ ! 
one side, of the plural hook holes is separated from an outer frame in a linked state, 
,;}..; a band is formed by pressing at least a part of linear portion of the plural linear portions, and s .; 

% \ ' * other sjde of th ® Dand is c ^ ' * 

[0017] In the primary insert molding step of the invention, i->^' V;*rw:,#^ ft tpp^p ;i t '• 

outer circumferential parts of the first element plate and second element plate are held; : - : c*. ' ■ V.-^.V W^llSifBl^rSi 
vi^ . , ,. an insulating resin is processed by insert molding, 

t M$ !i : 'R- K*1 v : * he band of the first element plate and the band of the second element plate are fixed by resin from the i 

^tC l M^ii^K;: : ^ ipy thls insert molding, * ; . " >r^M*^ s '?" r * 

the mounting bracket is coupled, and [ ■ ■ ; t t^^0^^^^ t 
a core haying a plurality of resin support parts projecting by a specified dimension from the outer circumference >v p "~* 
of the band of the first element plate and the band of the second element plate is formed. 
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[0018] In the step of separating the core from the outer circumference of the invention 

slots and the thin linkage are sTpa^ted **" ^ * the 6nd 0f the plural 

St ST SeParat ' 0n - " FAE iS f0m,ed fr ° m the firSt eteme " pla * - SAE is formed from the second 
[0020] . In the step of secondary insert molding of a resin dielectric element of the invention, 

h h r 9 E rm^ 

i a s?ol°e f d th6 m ° Untin9 br8Cket iS eXP0S6d ' and «-er,or covering the outer circumference of the FAE and SAE 
eTeLrdV^ 

wireless communication. <*™™n.cat.on (for example, tax., fishing boat, police), and other wireless unit for 

Brief Description of the Drawings 
[0024] 

Fig. 3B s a perspective view of the second antenna element of the antenna device in Fig 1 
F g. 4A s a front v.ew of the antenna element of the antenna device in Fig 1 9 ' " 

2' 2 3 F erspective view of tne ante ™ a element of the antenna device in Fig 1 
Fig. 5A is a top v.ew of the first antenna element shown in Fig 2A 2B ' 
Fig. 5B is a top view of the second antenna element shown in Fig.SA 3B 

Fig. 6 is a perspective view of a first antenna element of a second antenna device 

Fig 9 8 17::ZT ^ ° f f SeC ° nd 8ntenna 6,ement ° f the se <™ d antenn devfce 

ZXiSESEllZS™ 6lement C ° mbining the «<« """" - second antenna 

Fig. 9A is a top view of the first antenna element of the second antenna device. 

Fig. 9B ,s a top v.ew of the second antenna element of the second antenna device 

Fig. 9C ,s a top view of the antenna e.ement of the second antenna device 

Fin 1 !! I perSp6C * lve view of a first ante ™ a dement of a third antenna device. 

F a 2 s a P oZ! 7 V ' 6W 01 f Se ° 0nd amenna 6,ement 0f the third ante ™ a device. 

^SJZSE^^"*™ 6lement *° fi - «""« a '-ent and second antenna 

Fig. 13A Is a top view of the first antenna element of the third antenna device. 

' !! 8 1 ° P v,ew °; the second a "tenna element of the third antenna device. 
Fig. 3C is a top v.ew of the antenna element of the third antenna device 

' ]t " I perc P ec « ve view <* a "rat antenna element of a fourth antenna device 
F a 6 a D Z 6 T * °? SeC ° nd ant8nna element of the fourth a "< a ™ a device. 

^Vrssxsz °; e r ntenna e,emem combining - first — — « - — «-« 

Fig. 17A is a top view of the first antenna element of the fourth antenna device 

Fa 7C I I Z V,SW ° !5 6 SeC ° nd ant6nna 6lement of the fourth ante ™ a device. 
F.g. 1 7C is a top view of the antenna element of the fourth antenna device 
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Fig. 1 8 is a perspective view of a first antenna element of a fifth antenna device. 
Fig. 1 9 is a perspective view of a second antenna element of the fifth antenna device. 

Fig. 20 is a perspective view of an antenna element combining the first antenna element and second antenna 
element of the fifth antenna device. 

Fig. 21 A is a top view of the first antenna element of the fifth antenna device. 
Fig. 21 B is a top view of the second antenna element of the fifth antenna device. 
Fig. 21 C is a top view of the antenna element of the fifth antenna device. 

Fig. 22 is a perspective view explaining a forming method of a first element plate in a manufacturing method of 
antenna device according to a second embodiment of the invention. 

Fig. 23 is a perspective view explaining a forming method of a second element plate of the antenna device in Fig. 22. 
Fig. 24 is a perspective view showing a combined state of the first element plate and second element plate of the 
antenna device in Fig. 22. 

Fig. 25 is a perspective view showing a state after primary insert molding process of the antenna device In Fig. 22. 
Fig. 26 is a perspective view of a core with a mounting bracket of the antenna device in Fig. 22. 
Fig. 27 is a perspective view showing a state after secondary insert molding process of the antenna device in Fig. 22. 
Fig. 28 is a sectional view of a conventional antenna device. 

Best Mode for Carrying Out the Invention 

Referring now to the drawings, preferred embodiments of the invention are described in detail below. , 
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[0026] Fig. 1 is a perspective view of partial section of an antenna device according to a first 
25 invention, 

[0027] The antenna device shown in Fig. 1 comprises: : n 




^MtUM'MtW^ /, a) an FAE 11 formed in a nearly circular spiral form by punching and pressing a thin metal plate 
%. b) an SAE 1 2 as a parasitic antenna element formed in a nearly semicircular tubular form by punching and pressing 

:; 30 % 4 a thin metal plate, - ' ^--V 1 

\ ^ ' . . - c) amounting bracket 13 for connecting andfixing one terminal end 11A of the FAE 11 (see Fig. 2Aor2B), 

^^i^j^^^^> ; cJ) a core 1 4 made of an insulating material coupled with the mounting bracket 13, for fixing the FAE 11 and SAE ' 
^^P^^^S^'; * * ln " ® mutua,| y insulating state at nearly concentrical positions, and 

a icover 15 made of an insulating material covering the outer circumference of the FAE 5 1T andiSAE i2,vby/ ? ,^; 
Ifi^fomsSfe V- . » exposing the vicinity of a threaded portion 13A of the mounting bracket 13. i r-'- 



[0028] As a thin metal plate for forming the FAE and SAE, a conductive copper plate on 
conductive aluminum plate or aluminum alloy plate is suited. But any other metal may be used < 
[0029] The mounting bracket 13 has a threaded portion 13A on its outer circumference formounting this antenna • 

; 3E:18<9W;-; device on a wireless unit to be used. *'.■';} - : ^^^^ 

[0030] The detailed shape of the FAE 11 is shown in a front view in Fig. 2A and in a perspective view in Fig. 2B.,The j ; j * i ; 




FAE11 is formed by blanking a thin metal plate. 
[0031] In the FAE 11 , being made of a thin metal plate, 



V 



^WM^^^mW^' ' :a tenTlinal end 11 A of the FAE 11 connected to the mounting bracket 13, 
Sl^i|?lS0K fplural junctions 17B, 

P^ilPri^ : P ,ural bands 1 6A projecting in a nearly semicircular form in the front direction, 
i: plural junctions 17A, and 

plural bands 1 6B projecting in a nearly semicircular form in the rear direction 



50 




lf^"^ I* . are formed continuously in a nearly spiral form as shown in the front view in Fig. 2A. The terminal end 1 1 A, plural bands J 
^^d3l ? : fi^iv^ri6A^;ancl plural bands"16B are formed nearly parallel to each other as seen from the front side -as shown in Fig. 2A. , 

The width WA of the bands 16A and bands 16B is nearly equal. The interval WB of the adjacent band 16A arid band f^^P^ ^^I^ 
f6B:islargerthan the widthWA of the band. The plural junctions 17B and plural junctions 17A are formed nearly parallel ] * ' 
to each otheras seen from the front side as shown in Fig. 2A. /- ■ : 

Further, as shown in Fig. 2B, the plural bands 16B are processed in a nearly semicircular form to project to 
pk|theJnner depth, and the plural bands 16A are processed in a nearly semicircular form to project to the front side. As 
^"ishowh in Fig. 2B, the FAE 11 is formed, on the whole, in a nearly circular spiral form. 
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[0034] In the SAE 1 2, being made of a thin metal plate, 



plural junctions 19A, 

plural bands 1 8 projecting in a nearly semicircular form, and 
plural junctions 19B 



WA+WB=WC+WD 



: .-SHi^SS^S" andS * E,2 . moun,ei »"' he ™«"S'™^<3i. Shown l„ aIrM *„^ 

WA+2WB. 

The total dimension of a certain band 1 8 and its adjacent band 1 8 of the SAE 12 to be inserted in this interval is 

2WC+WD. 

Hence, as mentioned above, WA+WB=WC+WD, 

[0039] Further, since WA < WB, and WA > WC, it follows that 

WA+2WB > 2WC+WD. 

VHSm^A thS FAE 11 and SAE 12 are kept insulated from each other. 

KL22° TsZ^ZXV** PaI lT d a n 1 dSAEf2 the ^ " ^ ^ 12 " " * S * « 
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radius of the arc of the band 18. The radius of the arc of the band 16A, the arc of the band 16B, and the arc of the 
band 18 is nearly equal. .| 
[0045] The relation between the width C shown in Fig. 5A and the width D shown in Fig. 5B is as follows: { 



C<D 



|^#^? [0046] 
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Fig. 5C is a top view showing a combined structure of the FAE 11 shown in Fig. 5A and the SAE 12 shown .'J-.-iO 
in Fig. 5B. When composed as shown in Fig. 5C, the band 16Aof the FAE 11 and the junctions 19A, 19B of the SAE % 
12 do not contact with each other, and an insulated state is maintained. *■•"'; , , . " }" 

[0047] The antenna device of the embodiment has such structure, and the operation of this antenna device is ex- v 
plained below. * . 

[0048] The antenna device shown in Fig. 1 is fixed at a specified position of a wireless unit by means of the threaded - j 
portion 13A formed on the outer circumference of the mounting bracket 13. A radio frequency signal corresponding to \\ 
the radio wave sent and received by the antenna device is transmitted between the electric circuit of the wireless unit 1 j 
and the antenna device through the mounting bracket 13. The FAE 11 set at a specified electric length operates elec- - j 
trically by matching with a first frequency band. The SAE 12 set at a different electric length operates electrically by 'I 
matching with a second frequency band. -i 
[0049] The FAE 11 has an inductance L1. There is a floating capacity C1 between the mutual plural bands (16A, vv M ; ,.- . it & ' % ^ 
6B) of the FAE 11, and between plural bands (1 6A, 1 6B) of the FAE 1 1 and the band 1 8 of the SAE 1 2\The e !ect rj #?^ 
length determined by the inductance L1 and floating capacity C1 matches with the radio frequency signal of. the '^j^p^^pE^^i^- 
frequency band. By this matching, the FAE 11 is set so as to have an impedance characteristic capable c^iWridta^ 
, and receiving radio wave of the first frequency band most efficiently. \l ]t \ 'if* % ; !|\ If! *A 

|tM- : ^ ;? \ [0050] The SAE 12 has an inductance L2. There is a floating capacity C2 between the mutual plural bands l6 ? of thk l| : .fen*^^^^^> 
^ : ii^#^i : 'SA^2,- and between plural bands 18 of the SAE 12 and the bands (16A, 16B) of the FAE 11. ; The. electric length ^ 

determined by the inductance L2 and floating capacity C2 matches with the radio frequency signal of the second;;| \f^ii^f%- 
' frequency band. By this matching, the SAE 12 is set so as to have an impedance characteristic: capable of sending 7 | L ' : 




and receiving radio wave of the second frequency band most efficiently. 

[Q051 ] ; The radio frequency signal of the first frequency band is directly transmitted to the electric circuit of the wireless * ( 



from the FAE 11 through the mounting bracket 13 connected to the FAE 11. The radio frequency signal of the 

cap 

[0052] Thus, according to the embodiment, the antenna elements are formed by blanking and 



second frequency band is transmitted to the electric circuit of the wireless unit from the SAE 12, by makmg use of the 
oapacitrve coupling and electromagnetic induction coupling between the FAE 11 and SAE 12. :\ r- a 



35,. 



40 



plate. Therefore, the antenna device of the embodiment is mostly free from uneven pitch or deformation 
elements, and is easy in assembly and inexpensive. . "i . ■■■ *<i 

[0053] : -The electric length of the antenna element is a function of the product of the inductance of the antenna! element 
and the floating capacity of the antenna element itself and its peripheral parts. Generally, the inductance of the antenna 
element is a function of the length of the antenna element. In the antenna elements of the embodiment, si nee -la'thia 
metal plate is used, the floating capacity is large. Therefore, the inductance of antenna elements of the embodiment 
can be set smaller. That is, in the antenna elements of the embodiment, the same electric length is realized by the 





J^|||y|pp| [0054] Therefore, the antenna device of the invention is small in size, light in weight, and high in gain and reliability, i 

10055] Methods of adjusting the electric length of the FAE 11 or SAE 12 are explained below! This ^ 
H|] r ^4^M ^ intended to obtain an impedance characteristic corresponding to the frequency band. ! H ; ' ? :. } ^\- k l^^^^^^^ii^. 
45 [0056] In a first adjusting method, a part of the bands (16A, 1 6B) of the FAE 1 1 ortheband " * - - - ^ 
5 extension for adjustment provided preliminarily is cut off. By this adjustment, an impedance characteristic 

:&kjl . ^ tp'jthe intended frequency band is obtained. 

f ^Pj^^^^|^pfp05^ In a : second adjusting method, a second strip 18 projecting ahead of the'SAE 
^y^^"^^^^ ^aifglb: This specified angle is an angle corresponding to a first strip 1 6A projecting ahead of the FAE 1 1\y 

so [0058] Further, by using a plurality of SAEs 12, the FAE 11 and SAE 12 can be set at a desired electric . coupling ; f 
; ■ degree. For/example, the SAE 12 shown in Fig. 3B may be cut into upper and lower halves. That is, plural SAEs are 'i 

i+jf*:* P rovided for the FAE. In this constitution, between the plural SAEs mutually, and at plural positions between them and 
^S^^U^^fe^^ 11 . it is possible to set and adjust to a desired electric coupling degree. Accordingly, the impedance charac- * 
P^^^^^— 0 of the a " tenna device can be controlled easily, and the antenna device is easily applicable to a wide band. 
Plf tf if |^^!fT ; ^^^l } The shape of first antenna element and second antenna element in other example of antenna device .of the.^^fiJSIli. 

^|t?lrlS't*M'^ invention is described below . . >.|1 

[0060] The configuration of the second antenna device is shown in Fig. 6 to Fig. 9. Only characteristic parts differ^ ritii " 
from the first antenna device are described below. The difference between the second antenna device and ^firstiv 



1 ,1*.^ j:.:K; f 
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SSSS^^ 01 firSt flntenna e ' ement ° ther StmCtUre iS identical except for the parts »** 

S 116B 1^7^° Vi T ° f 3 firet k antenna element 111 second antenna device. As shown in Fig. 6, 
notnr^LL J V "T** 8 semic,rcular form ' while a band 116A is flat. That is. the band 116A is 

rinTSSCces^ 

!k? 2 L AS Stl0V ! n in Rg - 7l th6 Shape ° f a SeCOnd antenna element 112 of the second antenna device is same as 
that of the second antenna element 12 of the first antenna device. Rg. 8 is a perspective view of ^he antenna TmJn* 
comb.n.ng.he first antenna element 111 and second antenna element 112 oHhe SSES^ETStEl 

sz? n s slst: n 111 o v he o, econd antenna device - 98 * a — - 

ffiS I thl ♦ T VICS - F ' g - 9C ' S 8 t0p Vi6W of the antenna slement of second antenna device 

S£ ssras the relation of the width wa - ^ wb - — wc < - — ™ s 

t^* S6 5 0nd antenna device ^ near 'V ^me effects as in the first antenna device are obtained 
IU065J Tn e configuration of a third antenna device is shown in Fig 10 to Fia 13 Oni«rh ara M 0 ri„t^ „o rt m 

wv^iZT^r^T; e ™ rt * 2 * antenna device. Fig. 12 Ts a perspective view of the antenna element 

combing the first antenna element 21 1 and second antenna element 212 of the third antenna device Flo ST? 
top v,ew of the first antenna element 211 of the third antenna device. Fig. 13B is a top v ew of te 7eclZ Intend 
«SS ^n t!??'? ante r a deV,Ce - Rg - 13C iS 3 t0p View of the antenna elememorthe ^JSSSST 
afZer^ 

E Th! 16 a " tenna de / ice - nearl V sa ™ ^ects as in the first antenna device are obtained. 

thiLlT 6886 ??^ 60 " 0 "- Sh3ping 38 Sh0Wn in R 9- 14 ' the «*"- * the band I s W ^Stss than the SS 
thickness owing to the projection process of the band 31 6A ' °« is less man tne initial 

5 sTband 318 5 o S JTSKS ^ ° f "T^ ante " na e ' ement 312 ° f the fourth antenna devtee - ^ ^own in Fig 

SSL ^^E^ESi - " — " ° f - — ™< ^ ™' — a " d ^™ 

E Thl^ f °, Urth a , men ? d r iCG ' nearty Same 6ff6CtS as in the firet antenna device are obtained 

[0075] The configuration of a fifth antenna device is shown in Fig. 18 to Fig. 21. Only characteristic carts differ 

devtel sT^^^^ 

KX 1 " a Perspective view of a first antenna element of the fifth antenna device. As shown in Fig 18 a 
band 41 6A of FAE 411 is pressed in a nearly trapezoidal form, projecting toward the front side while a band 41 sr ie 
pressed in a nearly trapezoidal form, projecting toward the rear side 68 ,S 

^Jm^SSZ!?- " I**™* ante " na e ' em6nt 412 ° f the ftfth ant6nna device - A * ^own in Fig. 
19, a band 418 of the SAE 412 is pressed in a nearly rectangular form. Fig. 20 is a perspective view of the antenna 
element combmrng the first antenna element 411 and second antenna element 412 ofTheTfth a iZnl deX Fia 

tntZ* T "ZZ fJll antenna e ' ement 411 ° f the fifth antenna device. Fig. 21B is Ttop S of ^hTScond 
antennaeiement412ofthefr ft hantennadevice.Fig.21CisatopviewoftheantennalementofthefZnto 
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[0078] In the fifth antenna device, too, the relation of the width WA, interval WB, width WC, and Interval WD is same 
as defined in the first antenna device. 

[0079] In the fifth antenna device, nearly same effects as in the first antenna device are obtained. 
[0080] Meanwhile, the first antenna element and second antenna element used in the antenna device are not limited 
to those shown in the first to fifth antenna devices alone. For example, the first antenna elements and second antenna 
elements of the first to fifth antenna devices may be used in combination. Further, other first antenna element and 
second antenna element conforming to the scope of the invention may be used, for example, both may be formed in 
square, or triangular, pentagonal or other polygonal shapes may be combined. Alternatively, one terminal end of the 
FAE may be formed in a shape to be connected electrically and mechanically to a specified position of a wireless unit 
directly, and the mounting bracket may be formed integrally. 

Embodiment 2 
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[0081] A manufacturing method of antenna device according to a second embodiment of the invention is described 
below while referring to Fig. 22 to Fig. 26. 

[0082] Fig. 22A, 22B, 22C are perspective views explaining the forming method of a first antenna element plate. 
First, as shown in Fig. 22A, nearly parallel rectangular holes 22 of same length are punched and processed in a 
conductive thin metal plate 21 of a specified dimension. The plural rectangular holes 22 are formed in a convex and 
concave shape by shifting both ends alternately by dimension D. By this processing, plural linear portions 23 are formed 
between the adjacent rectangular holes 22. The linear portions 23 correspond to the bands (for example,- T6A and 
;1;6B) in embodiment 1. In a later process, an opening hole 40 is formed for mounting the mounting bracket -1 3.?Tw6' 
bumps 27 for mounting the mounting bracket 13 are formed in the linear portion 23B between the rectangular hole 22 
"and opening hole 40 at the lowest end. 

[0083] Consequently, as shown in Fig. 22B, one side 24A of the convex and concave shape of the plural rectangular 
holes 22 is cut off from the outer circumference in a linked state. After cutting off the side 24A, the plural linear portions 
. 23 are processed to project in a nearly semicircular form alternately in the longitudinal direction. However, the linear 

li^P" -fe^l^^' ^ f ? 6n 236 at the lowest end is not processed. Herein, as shown in Fig. 22B, the linear portion 23 projecting in the 
& ?3 ! ^ - front direction on the sheet of paper is supposed to be band 25A, and the linear portion 23 projecting in the rear direction 
M U &0ffi* ■■ ° n the sheet of paper is supposed to be band 25B. In this projecting state, each end of the*. bands 25A,.25B regains 
Mv ! " '4 3 3d ' connected to the thin metal plate 21 . Other ends of the bands 25A, 25B are coupled to the outer circumference by way. 

of the side 24A. Next, as shown in Fig. 22C, the mounting bracket 13 is connected and fixed by crimping to two bumps 



25 



. ' - J I'".!. ..... u S iMtff* 




plate. First, as shown in Fig. 23A, a thin metal plate 28 of a nearly same dimension as the first antenna element plate 
26 is blanked. It is blanked nearly parallel so that plural hook holes 29 of same length may be formed alternately, in 
reverse directions. Plural linear portions 30 are formed between the adjacent hook holes 29. The plural linear portions 
^tftu>/. 30 are blanked in a form linked alternately right and left by means of a linkage 31 . 
^p;|^^|[^;iQM5] Consequently, as shown in Fig. 23B, one side 32A of the plural hook holes 29 is cut off from the outer cir- 
S^fnference in a linked state. After cutting off, the plural linear portions 30 are processed to project in a nearly semi- 
li $ ^fiv '-circular form in the front direction. The radius of the nearly semicircular form is nearly same as that of the bands' (25 Av 
pLr-, : 25B) of the first antenna element plate 26. Herein, as shown in Fig. 23B, the linear portion 30 projecting in. thefront; 

direction on the sheet of paper is supposed to be band 33. The band 33 of a nearly semicircular tubular fprfn isjcoiipleclg 






26 and second antenna element plate 34 are overlaid. As a result, between the upward projecting bands 25A of the 
firet strips 25,* upward projecting bands 33 are combined by entering parallel. Further, holding the outer circumference 
by the molding die.'an insulating resin is processed by primary insert molding. Thus, as shown in a perspective view 
fp^jL'jn p ig. 25, the band 25 (not shown) of the first element plate 26 and the band 33 (not shown) of the second element 
W^' 3 *^ 8 fbcec * from the inner slde by means of the insu,atin 9 resin. Still more, by this insert molding, the mounting 
^|||j5|>Vabket 13 is also coupled and fixed. By this insert molding, a core 36 having four reslh support parts 35 projecting;by 
f$ :{? " a^sjtecified dimension from the outer circumference of the band 25 and band 33 is formed/ 1 f . : 4 f i ir 

^ [0087] As shown in a perspective view in Fig. 26, moreover, linkages 37 and 38 overlapping and projecting on the; 
55 outer circumference, of the core 36 are cut off near the outer circumference of the core 36. The projecting d)m'e|sioh 
v of the cut-off linkages 37 and 38 from the core 36 is set so as to be smaller than the projecting r dimension^th% v |:^in ; 
.JpP^luWort parts 35. This state is shown in Fig. 26, and the core with mounting bracket 39 is obtained. By thrs t^Mg/lhl^ 
%|^^|^f^ ; wrth mounting bracket 39 is separated from the outer circumference of the first element plate 26 l and second 
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element plate 34. 

£^Lt A i thiS X T; ? " nka9e 31 °' the linked portion of convex a "° concave ends of rectangular holes 22 

Of the first element plate 26, and the portion of hook holes 29 of the second element plate 34 is To S off As a 
the end of each band of the first element plate 26 is connected to the end of the adfacent band arfd te"ftm^„ - 
spiral form, Therefore, a continuous FAE 11 is formed (see Flo 9 m L ! . u u . " Tied ,n a 

K sh!wnT ^fTsIST* 9 T 6th0d 10 emb ° dlment 2 re,at6S t0 the firet antenna **» of embod- 
^» ^^J^S' tl£T f * 'J manufacturing method of embodiment 2 may be similarly applied in manu- 
facture of the second to fifth antenna devices shown in Fig. 6 to Fig. 21 

Industrial Applicability 

i 

Reference Numerals 



[0094] 

11, 111, 211,311,411 

11A, 111A, 211A.311A, 411A 

12, 112,212, 312, 412 
13 

13A 

14 

15 

16, 16A, 16B, 116A, 116B, 216A, 216B, 
31 6A, 31 6B, 41 6A, 41 6B, 25, 25A, 25B 
17A, 17B, 1 17A, 1 17B, 21 7A, 21 7B, 31 7A, 
317B,417A, 417B 
18, 118,218,318, 418, 33 

19A, 19B,119A, 119B,219A,219B, 

319A.319B, 419A,419B 

21,28 

22 

23 

24A, 24B, 32A, 32B 

26 

27 

29 

30 

31 

34 



First antenna element 

Terminal end 

Second antenna element 

Mounting bracket 

Threaded portion 

Core 

Cover 

Band of first antenna element 

Junction of first antenna element 
Band of second antenna element 

Junction of second antenna element 

Thin metal plate 

Rectangular hole 

Linear portion 

Side 

First element plate 
Bump 
Hook hole 
Linear portion 
Narrow linkage 
Second element plate 
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Resin support part 

Core 

Linkage 

Core with mounting bracket 



1. An antenna device comprising: 
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a) a first antenna element of spiral form having nearly parallel plural bands formed so that both ends of the 
plural bands may be connected alternately and consecutively, and formed so that at least one of the plural 
bands may be projected, 

b) a second antenna element of meandering form having nearly parallel plural bands formed so that both ends . v . 
of the plural bands may be connected alternately and consecutively, and formed so that at least one of the . : . ; ' 
plural bands may be projected, V- 

c) a core made of an insulating resin for disposing said first antenna element and second antenna element as \ . * '.^> > 
being insulated from each other, ... ... . 

d) a mounting bracket connected to one end of said first antenna element, and . i i: vT ^! \ 

e) a cover made of an insulating resin for covering the outer circumference of said first antenna^ element; • ; 1 W*!^»i4: 
second antenna element, core and mounting bracket, while exposing a part of said mounting bracket. * ' " ■ 



2 ' • The antenna device °f claim 1 , wherein said plural bands of the first antenna element have a shape so that a 
M ?4 " ; ^ conductive thin metal plate is punched and then projected. 



The antenna device of claim 1 , wherein at least two or more bands of said plural bands of the first antenna element 
are formed to project alternately. 



4- - Jhe antenna device of claim 3, wherein at least two or more bands of said plural bands of the first antenna 
Kff 1 *?---!^-!'^ ^ J * are formed to project alternately in a nearly semicircular form in the longitudinal direction; ! 



, .. ,„ „e me ni 

tenna element ,Up^#^iif f-P^S 



of claim 3, wherein at least two or more bands of said plural bands of the first antenna element*: ^ 
:t bv everv other one in a nearlv semicircular form I 



5. The antenna device 

■ are formed to project by every other one in a nearly semicircular form 



§M^b -'h-r&A* 6 - The antenna device of claim 3, wherein at least two or more bands of said plural bands of the first antenna element 

Wi'iiivv' a 



!;; < "f$>-K are formed to project alternately in a nearly trapezoidal form in the longitudinal direction 
are formed to project by every other one in a nearly trapezoidal form. 



•»> : 



The antenna device of claim 3, wherein at least two or more bands of said plural bands of the first antenha^eleme'nt? fflgM^teto*^ 



ntenna eiemeni r * 

^%^*$|^V^ : /*^* The antenna device of claim 3, wherein at least two or more bands of said plural bands of the tirstaritetiha^ 
ISl^t . t ar© formed to project alternately in a nearly square form in the longitudinal direction. 

9. The antenna device of claim 3, wherein at least two or more bands of said plural bands of the first antenna elemeHf ! ^-15^^^^ F r^ 
are formed to project by every other one in a nearly square form. 




45 



Ilillftfc^^v ^ G antenna dev ' ce of claim 3, wherein at least two or more bands of said plural bands of the first antenna element 
r are formed to project alternately in a nearly polygonal form in the longitudinal direction. 

so 11. The antenna device of claim 3, wherein at least two or more bands of said plural bands of the first antenna element^ fcl 
are formed to project by every other one in a nearly polygonal form. .^'^|- ^'flll 

Wfcffi$ffi-P ^ 2 * rhe antenna device of claim 1 , wherein said plural bands of the second antenna element are formed to project 'f|lf^||gj 

enna ? s ' 



|^SfP^feip|||A -attar; punching a conductive thin metal plate 




^Mm 



; 13. The.antenna device of claim 1, wherein at least two or more bands of said plural bands of the second antenna 
element are formed to project in a same direction. 
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14. The antenna device of claim 13, wherein at least two or more bands of said plural bands of the second antenna 
element are formed to project in a nearly semicircular form in a same direction. 

15. The antenna device of claim 13, wherein at least two or more bands of said plural bands of the second antenna 
element are formed to project in a nearly trapezoidal form in a same direction. 

16. The antenna device of claim 13, wherein at least two or more bands of said plural bands of the second antenna 
element are formed to project in a nearly square form in a same direction. 

17. The antenna device of claim 13, wherein at least two or more bands of said plural bands of the second antenna 
element are formed to project in a nearly polygonal form in a same direction. 

18. The antenna device of claim 1 , further comprising an extension for adjustment preliminarily formed for cutting off 
part of the plural bands of the first antenna element or plural bands of the second antenna element, for adjusting 
the electric length of the first antenna element or second antenna element. 

19. The antenna device of claim 1 , wherein the width between junctions at both ends of the plural bands formed spirally 
in said first antenna element is set smaller than the width between junctions at both ends of the plural bands 
projecting in a meandering form of said second antenna element. 

20. The antenna device of claim 1 , wherein the plural bands disposed nearly parallel of said second antenna element 
are inclined by a specified angle to the plural bands disposed nearly parallel of said first antenna element. 

* '* 4 » it* cimfcMinct uevtce ot ciatm i , wneretn tne insulating resin for forming said core and the insulating resin for forming 
said cover are the same. 

22. The antenna device of claim 1 , wherein said mounting bracket is formed integrally with said first antenna element. 

23. A manufacturing method of antenna device comprising the steps of: 

• ,i a>forming a first element plate by punching a conductive thin metal plate of a specified dimension and pressing 
a part of said punched thin metal plate, 

b) forming a second element plate by a step of punching a conductive thin metal plate of a nearly same di- 
mension as said first element plate, and a step of pressing a part of said punched thin metal plate, 

c) stacking up the outer circumferential parts of said first element plate and second element plate in the thick- 
ness direction, 

d) insert molding for forming a core having a plurality of resin support parts by fixing the pressed portion of 
the stacked first element plate and the pressed portion of the second element plate, 

e) cutting off the outer circumference of said first element plate and second element plate being stacked up, 
near said core, and separating said core including the pressed portion of said first element plate and the 
pressed portion of said second element plate from said outer circumference, and 

f) insert molding for forming a cover for covering the outer circumference by holding said resin support parts 
of said core. 

24. The manufacturing method of antenna device of claim 23, 

wherein said step of forming said first element plate comprises the steps of: 

punching a conductive thin metal plate of a specified dimension, and providing nearly parallel plural rectangular 
holes of same length so that both ends may be convex and concave alternately, thereby forming plural linear 
portions, 

separating one side of convex and concave portion of the plural rectangular holes from the outer circumferential 
part in a linked state, and 

projecting at least a part of the plural linear portions, in a state coupled to the outer circumference at other side. 

25. The manufacturing method of antenna device of claim 23, 

wherein said step of forming said second element plate comprises the steps of: 

punching a conductive thin metal plate in a state of plural linear portions linked alternately right and left at 



12 




14 



EP1 122 811 A1 




12 . 



16 



EP1 122 811 A1 



it • ' . , .' 




22 



EP 1 122 811 A1 




FIG. 11 H 

• . •■ . ■ ' ■ ' I 

P 




EP1 122 811 A1 



:1 r* 



FIG. 13A 



217 \ ^ 216B 217A 




216A 



FIG. 13B 



219B 




219A 



18 



FIG. 13C 
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FIG. 14 
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FIG. 21A 
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FIG. 25 
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